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(54) Protective device 

(57) A protective device (1) comprises a fuse ele- 
ment (4) provided to electrodes (3a,3b,3c) on a sub- 
strate (2). The fuse element (4) has a liquidus point 
higher than the mounting temperature of the protective 
device (1), and has a solidus point lower than the 
mounting temperature of the protective device. The dif- 
ference between the liquidus and solidus points is 5°C 
or higher. 



3 x 3 o 3 y 3 b 



FIG. 1 A 



I 



I 



3x 3 o 3y 3b 4 



FIG. 1 B 




3 

00 



FIG. 1 C 



JUL 



3 x 7 3y 



( x — x cross section) 



HI 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



\ 



• 



EP1 045 418 A2 



Description 



BACKGROUND OF THE INVENTION 



5 



1. Field of the Invention 



[0001] The present invention relates to a protective device provided with a fuse element on a substrate. 



2. Description of the Related Art 
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[0002] Protective devices obtained by forming fuse elements on a substrate are known as chip-type electric fuses. 
In addition, protective devices in which heating elements are placed in the vicinity of fuse elements are used in over- 
voltage prevention devices (Japanese Patent No. 2790433, Japanese Patent Application Laid-Open No. 8-161990). 
[0003] Figs. 2B and 2C are a plane view and a cross section, respectively, of such a protective device 1o. In the 
15 protective device 1o, electrodes 3a, 3b, and 3c are formed on a substrate 2, and solder foil spanning the electrodes 3a, 
3b, and 3c is provided as a fuse element 4. The bottom surface of the electrode 3b is provided with a heating element 
7 with an insulating layer 8 sandwiched therebetween. Heating current is supplied to the heating element 7 from an 
electrode 3o through conductors 3x and 3y. 

[0004] During the fabrication of the protective device 1o, the conductors 3x and 3y, heating element 7, insulating 
20 layer 8, and electrodes 3a, 3b, and 3c are formed on the substrate 2; solder paste 5 is then applied to the electrodes 
3a, 3b, and 3c in the manner shown in Fig. 2A; a fuse element 4 is mounted on top; and a cover (not shown) is provided 
as needed. The protective device 1o thus obtained is commonly heated and mounted on a base circuit board by reflow- 
ing, soldering, or a similar technique. 

[0005] To prevent the fuse element 4 from melting during the mounting of the protective device 1 o, materials whose 
25 solidus point is higher than the mounting temperature of the fuse element 4 (in particular, whose solidus point is higher 
than the maximum temperature achieved during mounting, and whose liquidus point is even higher) are used for the 
fuse element 4. In addition, materials whose liquidus points are at or above the temperature maintained during heating 
and mounting are selected for the solder paste 5. When, for example, the temperature at which the protective device 1o 
is mounted on a circuit board is set to 250°C, a material whose liquidus point is 250°C or higher is used for the solder 
30 paste 5 of the protective device 1o, and a material whose solidus point is higher than the liquidus point of the solder 
paste 5 is used for the fuse element 4. 

[0006] When the above-described protective device 1o is used as a protective device in an apparatus to be pro- 
tected, a malfunction in the apparatus causes an overcurrent to flow through the fuse element 4 and to melt it, or causes 
the heating current from the electrode 3o to be supplied to the heating element 7 through the conductors 3x and 3y, and 

35 the fuse element 4 to be melted by the generated heat. A drawback, however, is that the high liquidus point of the fuse 
element 4 increases the time between the beginning of the increase in the temperature of the fuse element 4 and the 
melting of the element, resulting in a protective device with an extended operating response. Increasing the time that 
elapses before the fuse element 4 is melted is disadvantageous in that the area where the protective device 1o is 
mounted on the base circuit board melts before the fuse element 4 does, causing the protective device 1o to separate 

40 from the base circuit board and inducing undesirable changes in peripheral mounted components, substrate wiring, and 
the like. 

[0007] Another drawback is that the existence of the above-described relation between the liquidus points and 
solidus points of the fuse element 4 and solder paste 5 on the protective device 1o reduces the number of available 
materials and increases costs. In particular, attempts to bring the solidus point of the fuse element 4 closer to (or slightly 
45 above) the mounting temperature of the protective device loin order to improve the operating response are hampered 
by the scarcity of suitable fuse element materials having such solidus points. 

SUMMARY OF THE INVENTION 

so [0008] An object of the present invention, which is aimed at overcoming the above-described drawbacks of prior art, 
is to improve the operating response, to widen the selection of materials for fuse elements, and to reduce manufacturing 
costs in a protective device obtained by forming a fuse element on a substrate. 

[0009] The inventors perfected the present invention upon discovering that raising the liquidus point of the fuse ele- 
ment material in order to prevent the fuse element from melting during the mounting of a protective device obtained by 
55 forming the fuse element on a substrate dispenses with the need to increase the solidus point above the mounting tem- 
perature as long as the liquidus point is higher than the mounting temperature of the protective device; that is, keeping 
the solidus point below the mounting temperature, and the liquidus point above the mounting temperature allows the 
fuse element to perform its function because the fuse element is prevented from melting during mounting while being 
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allowed to change its initial shape to a certain extent. 

[0010] Specifically, the present invention provides a protective device in which a fuse element is provided to elec- 
trodes on a substrate, wherein the fuse element has a liquidus point higher than the mounting temperature of the pro- 
tective device, and has a solidus point lower than the mounting temperature of the protective device. 
5 [0011] These and other objects, features and advantages of the present invention are described in or will become 
apparent from the following detailed description of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0012] 

Figs. 1 A to 1C are diagrams illustrating the steps for manufacturing the protective device of the present invention; 
Figs. 2A to 2C are diagrams illustrating the steps for manufacturing a protective device; 
Figs. 3A and 3B are a plane view and a cross section of a protective device, respectively; 
15 Fig. 4 is a circuit diagram of an overvoltage prevention device; 

Figs. 5A and 5B are a plane view and a cross section of a protective device, respectively; 

Fig. 6 is a circuit diagram of an overvoltage prevention device; and 

Figs. 7A and 7B are a plane view and a cross section of a protective device, respectively. 

20 DETAILED DESCRIPTION OF THE INVENTION 

[0013] The protective device of the present invention will now be described in detail with reference to the drawings. 
In the drawings, the same symbols denote identical or equivalent constituent elements. 

[0014] The protective device of the present invention is obtained by providing a fuse element to electrodes on a 

25 substrate. The substrate, electrodes, and fuse element are not subject to any particular limitations in terms of shape or 
arrangement. Consequently, the protective device of the present invention may be constituted as a chip-type current 
fuse obtained by providing a fuse element to electrodes on a substrate, or as a protective device obtained by further 
providing a heating element in the vicinity of the fuse element and using the product as an overvoltage prevention 
device. It is possible, for example, to use the same arrangement as that adopted for the protective device 1o described 

30 with reference to Figs. 2A to 2C above. 

[0015] No particular restrictions are imposed on the materials constituting the substrate or electrodes, and the 
same materials as those used for a conventional protective device may be adopted. With the present fuse element, 
however, the liquidus point should be higher than the predetermined mounting temperature of the protective device, 
preferably higher than the maximum temperature achieved during mounting. In addition, the solidus point of the mate- 

35 rial should be lower than the mounting temperature, preferably lower than the maximum temperature achieved during 
mounting. This gives a much wider selection of fuse element materials. In addition, the fuse element starts melting dur- 
ing mounting, and is thus easier to mount on the electrodes when a solder paste is not interposed between the elec- 
trodes and the fuse element. For example, the fuse element 4 and the electrodes 3a, 3b, and 3c can be securely 
bonded and a protective device 1 obtained (as shown in Figs. 1B and 1C) merely by coating the electrodes 3a, 3b, and 

40 3c with rosin or another flux 6 instead of a solder paste (as shown in Fig. 1 A). The manufacturing costs of the protective 
device 1 can thus be reduced. In addition, using solder paste to mount a solder foil of prescribed composition as the 
fuse element 4 causes this solder foil to melt during refiowing or the like, whereas dispensing with the solder paste over- 
comes this problem as well. 

[0016] The difference between the liquidus and solidus points of the fuse element 4 should be 5°C or higher, and 
45 preferably 10°C or higher. When the difference between the liquidus and solidus points is less than 5°C, it becomes 
impossible to cope with the commonly encountered nonuniformity of the mounting temperature, and the fuse element 
occasionally melts. Reducing this nonuniformity prevents the fuse element from melting as a result of the narrow differ- 
ence between the liquidus and solidus points, but eliminating this nonuniformity is unsuitable because it requires main- 
taining very stringent conditions for the manufacture of the fuse element 4. Nor is it suitable for the liquidus point of the 
50 fuse element 4 to be more than 50°C above the maximum temperature achieved during mounting, because the operat- 
ing response of the protective device 1 is adversely affected in this case. 

[0017] The material constituting the fuse element 4 having such a liquidus point and a solidus point can be appro- 
priately selected from conventional fuse element materials. For example, it is possible to use Sn-Pb solder foil, common 
solder, or the like. In this case, the component ratio of the materia! should be adjusted in order to provide the fuse ele- 
55 ment 4 with prescribed solidus point and liquidas point. In the particular case of a Sn-Pb solder foil, the liquidus point 
can be continuously adjusted by varying the Sn and Pb ratio in an appropriate manner. 

[0018] With the present invention, in addition to a fuse element being provided to the electrode on a substrate, a 
heating element is further provided in the vicinity of the fuse element in order to allow the protective device of the 
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present invention to be used for an overvoltage prevention device as well. Such embodiment in which a fuse element 
and a heating element are provided in the vicinity of each other includes an embodiment in which a fuse element (low- 
melting metal element) is stacked on a heating element with an insulating layer sandwiched therebetween as described 
with reference to Figs. 1A to 1C and Figs. 2A to 2C, as well as in Japanese Patent No. 2790433 and Japanese Patent 
5 Application Laid-open No. 8-161990, an embodiment in which a fuse element is stacked on a heating element without 
an interposed insulating layer as described in Japanese Patent Application No. 11-94385, and an embodiment in which 
a heating element and a fuse element are arranged in a planar configuration on a substrate as described in Japanese 
Patent Application Laid-open Nos. 10-116549 and 10-116550. 

[0019] For example, the protective device 1 p shown in Figs. 3A and 3B may be constituted such that a heating ele- 
10 ment 7 formed by applying or otherwise using a resistive paste, an insulating layer 8, and a fuse element 4 consisting 
of a fuse material are sequentially stacked on a substrate 2. In the drawing, 3x and 3y are heating element electrodes, 
and 3a and 3b are fuse element electrodes. In addition, 9 is an internal seal composed of solid flux or the like and 
designed to cover the fuse element 4 in order to prevent the surface of the fuse element 4 from oxidation, and 10 is an 
external seal composed of a material whose melting point or softening point is higher than that of the fuse element 4, 
15 and designed to prevent molten material from flowing out of the fuse element 4 during the melting of the element. 
[0020] Fig. 4 is a circuit diagram of an overvoltage prevention device obtained using such a protective device 1p. In 
this circuit, the electrode terminals of a lithium ion battery or other protected device are connected to terminals A1 and 
A2, and the electrode terminals of a charger or other device connected to the protected device are connected to termi- 
nals B1 and B2. With this overvoltage prevention device, base current ib flows abruptly, powerful collector current ic 
20 flows through the heating element 7 as a result, and the heating element 7 heats up when a lithium ion battery is 
charged and a reverse voltage exceeding the breakdown voltage is applied to a Zener diode D. Evolved heat is trans- 
mitted to the fuse element 4 on the heating element 7, and the fuse element 4 melts, preventing overvoltage from being 
applied to the terminals A1 and A2. 

[0021] Figs. 5A and 5B are a plane view and a cross section of a protective device 1q constituted differently from 
25 the protective device 1p in Figs. 3A and 3B above. In the protective device 1q, two heating elements 7 are connected 
by means of a middle electrode 3z, and a fuse element 4 is provided thereon with an insulating layer 8 sandwiched ther- 
ebetween. 

[0022] Fig. 6 is a circuit diagram of an overvoltage prevention device obtained using such a protective device 1q. 
Whereas the overvoltage prevention device whose circuit is shown in Fig. 4 above is constituted such that the heating 
30 element 7 continues to be energized even after the fuse element 4 has been melted by overvoltage, the overvoltage 
prevention device whose circuit is shown in Fig. 6 is constituted such that the heat evolved by the heating element 7 
melts the fuse element 4 at two locations (4a and 4b), completely preventing the current from flowing through the heat- 
ing element 7 following such melting. 

[0023] The protective device 1 r in Figs. 7A and 7B is a protective device in which the overvoltage prevention device 
35 whose circuit is shown in Fig. 6 can be used. Unlike the protective device 1q in Figs. 5A and 5B, the protective device 
1r is designed to provide a sufficiently wide surface area for the heating element 7 or the electrodes 3a and 3b wetted 
by the molten fuse element 4 during the melting of this element, facilitating melting and making it possible to dispense 
with the formation of an insulating layer 8 on the heating element 7. Without the insulating layer 8, the heating element 
7 has an even shorter operating time. 

40 

EXAMPLES 

[0024] The present invention will now be described in detail through examples. 

45 Examples 1-6 and Comparative Examples 1-2 

[0025] The solder paste and solder foil shown in Table 1 were used to fabricate a protective device obtained without 
the use of a solder paste (Figs. 1 A to 1C) and a protective device obtained using a solder paste (Figs. 2A to 2C). In the 
process, an aluminum substrate (3 mm x 5 mm) was used as the substrate 2, and the solder foil used had the following 
so measurements: 0.15 mm (thickness) x 1.0 mm (width) x 4.2 mm (length). 



Table 1 





Solder paste 


Solder foil 






Composition 


Solidus point 


Liquidus point 


Composition 


Solidus point 


Liquidus point 


Example 1 


Sn:Pd=60:40 


183°C 


183°C 


Sn:Pd=33:67 


183°C 


252°C 
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Table 1 (continued) 







Solder paste 


j Solder foil 








Composition 


Solidus point 


Liquidus point 


Composition 


Solidus point 


Liquidus point 


5 


Example 2 


Sn:Pd=60:40 


183°C 


183°C 


Sn:Pd=25:75 


183°C 


268°C 




Example 3 


Sn:Pd=40:60 


183°C 


248°C 


Sn:Pd=33:67 


183°C 


252°C 




Example 4 


Sn:Pd=40:60 


183°C 


248°C 


Sn:Pd=25:75 


183°C 


268°C 


10 


Example 5 


Sn:Pd=90:10 


247°C 


259°C 


Sn:Pd=25:75 


183°C 


268°C 




Example 6 


No use 






Sn:Pd=25:75 


183°C 


268°C 




Comparative 
example 1 


Sn:Pd=90:10 


247°C 


259°C 


Sn:Pd= 5:95 


300°C 


314°C 


15 


Comparative 
example 2 


Sn:Pd=91:9 


246°C 


246°C 


Sn:Pd=13:87 


253°C 


253°C 



Evaluation 

20 

[0026] The protective devices obtained in the working and comparative examples were measured for their (a) oven 
heat resistance, (b) heater resistance, (c) fuse resistance, (d) 4 W operating time, and (e) 10 A melting time in the man- 
ner described below. The results are shown in Tables 2 to 4. 

25 (a) Oven Heat Resistance 

[0027] Each protective device was first coated with flux in order to prevent oxidation of the solder foil and to create 
conditions conducive to solder foil melting. The protective devices were not capped. The protective devices were then 
placed in an oven (STH-120, manufactured by ESPEC) set to a prescribed temperature, allowed to stand for 1 minute 
30 after the temporarily reduced interior temperature of the oven had returned to the preset temperature, taken out of the 
oven, and inspected to establish whether the solder foil had melted. The set temperature of the oven was varied by 
+5°C or -5°C, and the same operations were repeated. The temperature at which the solder foil did not melt at all during 
such repeated operations served as a heat resistance index. 

35 (b) Heater Resistance 

[0028] The resistance value of the heater unit was measured using a multimeter (ADVANTEST TR 6847). 

(c) Fuse Resistance 

40 

[0029] The resistance value of the solder foil was measured using a multimeter (ADVANTEST TR 6847). 

(d) 4 W Operating Time 

45 [0030] 4 W (electric power) was supplied to the heater unit, heat was evolved, and the solder foil was melted by this 
heat. The time elapsed between the application of 4 W and the melting of the solder foil was measured. 

(e) 10 A Melting Time 

so [0031] The current, 10 A(ampere) was passed through the solder foil, inducing self-heating in the foil to melt the sol- 
der foil. The time elapsed between the passage of 10 A and the melting of the solder foil was measured. 



55 
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Table 2 







Oven Heat Resistance 


5 




(°C) 




Example 1 


210 | 




Example 2 


215 


10 


Example 3 


245 


Example 4 


245 




Example 5 


250 




Example 6 


250 


15 


Comparative example 1 


250 




Comparative example 2 


240(*) 



Note: 

* The solder foil melted during element fabrication 

20 



Table 3 







Heater Resistance^) 


Fuse Resistance(m£2) 






(max.) 


(min.) 


(average) 


(standard dev.) 


(max.) 


(min.) 


(average) 


(standard dev.) 




Example 1 


4.2 


3.8 


4.05 


0.41 


11.2 


9.9 


10.46 


0.41 


30 


Example 2 


4.1 


3.8 


3.98 


0.08 


10.8 


8.8 


9.29 


0.50 




Example 3 


4.1 


3.9 


3.99 


0.06 


11.4 


10.0 


10.6 


0.46 




Example 4 


4.1 


3.9 


3.93 


0.08 


11.2 


9.1 


10.24 


0.64 


35 


Example 5 


4.2 


3.9 


4.08 


0.08 


10.9 


10.4 


10.6 


0.08 




Example 6 


4.0 


3.9 


3.96 


0.05 


14.4 


11.0 


12.79 


1.11 




Comparative 
example 1 


4.2 


4.0 


4.11 


0.06 


16.3 


14.8 


15.7 


0.48 


40 


Comparative 
example 2 



















45 

Table 4 



50 




4 W Operating Time(sec) 


10 A Melting Time(sec) 




(max.) 


(min.) 


(aver age) 


(standard dev.) 


(max.) 


(min.) 


(average) 


(standard dev.) 




Example 1 


9.8 


7.2 


9.1 


0.76 


20 


16 


18 


1.06 




Example 2 


10.4 


7.3 


9.6 


0.76 


21 


16 


19 


1.5 




Example 3 


10.2 


8.0 


9.7 


0.76 


23 


17 


20 


2.05 


55 


Example 4 


10.5 


8.0 


9.75 


0.79 


29 


17 


23 


3.55 | 




Example 5 


10.6 


8.4 


9.9 


0.60 


24 


20 


22 


1.08 
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Table 4 (continued) 







4 W Operating Time(sec) 


10 A Melting Time(sec) 






(max.) 


(min.) 


(aver age) 


(standard dev.) 


(max.) 


(min.) 


(average) 


(standard dev.) 


5 


Example 6 


8.1 


6.6 


7.5 


0.60 


17 


11 


13.8 


2.68 




Comparative 
example 1 


12.9 


11.0 


11.99 


0.68 


25 


21 


23.1 


1.55 


10 


Comparative 
example 2 



















[0032] In Examples 1 to 6, both the heat resistance and operating response were adequate. 

[0033] In particular, it can be seen in Table 2 that a higher liquidus point yields better oven heat resistance both for 

15 a solder paste and for a solder foil. 

[0034] According to the evaluation of the 4 W operating time, the operating time is shorter for a protective device 
obtained without the use of a solder paste (Example 6) than for a protective device obtained using a solder paste 
(Examples 1 to 5). This is believed to be due to the fact that the protective device of Example 6 is such that the amount 
of solder that melts in the process or the amount of solder that wets the electrodes is proportionally smaller due to the 

20 absence of a solder paste. 

[0035] According to the evaluation of the 10 A melting time, the protective device of Example 6 had, on average, 
melted 10 seconds faster than that of Comparative Example 1. 

[0036] According to the present invention, the operating response of a protective device obtained by forming a fuse 
element on a substrate can be improved because the solidus point of the fuse element is set lower than in a conven- 

25 tional example. This also allows the selection of materials for fuse elements to be widened, and the manufacturing costs 
reduced. Another feature is that when the protective device is used to heat and melt a fuse element with a separate 
heating element during the malfunctioning of an apparatus to be protected, the effect of heat on peripheral components 
other than the fuse element of the protective device is reduced, and mounting reliability is improved. 
[0037] Yet another feature is that the fuse element is kept in a reflowed state because the solidus point of the fuse 

30 element is set to a level below the mounting temperature. It is therefore possible to mount the fuse element on the elec- 
trodes without an interposed solder paste. Lower manufacturing costs and higher yield are thus obtained by reducing 
materials consumption, simplifying manufacturing parameters, and the like. 

[0038] The entire disclosure of the specification, the claims, the drawings and the summary of Japanese Patent 
Application No. 1 1-1 10163 filed on April 16, 1999 is hereby incorporated by reference. 
35 [0039] A protective device comprises a fuse element provided to electrodes on a substrate. The fuse element has 
a liquidus point higher than the mounting temperature of the protective device, and has a solidus point lower than the 
mounting temperature of the protective device. The difference between the liquidus and solidus points is 5°C or higher. 

Claims 

40 

1. A protective device having a fuse element provided to electrodes on a substrate, wherein the fuse element has a 
liquidus point higher than the mounting temperature of said protective device, and has a solidus point lower than 
the mounting temperature of said protective device. 

45 2. A protective device according to claim 1 , wherein the difference between the liquidus and solidus points of the fuse 
element is 5°C or higher. 

3. A protective device according to claim 1 or 2, wherein the liquidus point of the fuse element is higher than the max- 
imum temperature achieved during the mounting of said protective device, and the solidus point thereof is lower 

50 than the maximum temperature achieved during the mounting of said protective device. 

4. A protective device according to claim 1 , wherein the fuse element is solder foil. 

5. A protective device according to claim 1, wherein the fuse element is placed over the electrodes without an inter- 
55 posed solder paste. 

6. A protective device according to claim 1 , wherein a heating element is placed in the vicinity of the fuse element. 
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FIG. 5 A 
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3 b 
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FIG. 5 B 




FIG. 6 



Al o 
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FIG. 7 A 
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FIG. 7 B 




( X — x cross section) 
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